Abstract-Wireless sensor networks (WSNs) are composed of set sensor nodes communicating through wireless channels with limited resources. Therefore, several routing protocols and approaches about energy efficient operation of WSNs have been proposed. Clustering algorithm based routing protocols are well used for efficient management of sensing sensor node energy resources. However, many researches were focused on optimization of well-known hierarchical routing approaches of WSNs using fuzzy logic system or heuristic methods. Most of these routing approaches haven't considered the impact of heterogeneity of sensor nodes, in terms of their energy which is equipped with additional energy resources. In this paper, we propose stable election using three fuzzy parameters approach (SEFP) using fuzzy logic system for heterogeneous WSNs. The main purpose of this routing approach is to improve the network lifetime and particularly the stability period of the network. In the SEFP approach, the sensor node with the maximum chance value becomes a cluster head (CH) based in three fuzzy parameters such as residual energy of each sensor node, closeness to base station (BS), and sum of distances between particular sensor node and other sensor nodes (area distance). The Simulation results of heterogeneous WSNs shows that our approach using fuzzy logic system always preserves more energy as compared to well-known protocols such as LEACH and SEP. additionally, we found that our approach SEFP outperforms LEACH and SEP protocols in prolonging the lifetime and the stability period for heterogeneous WSNs.
INTRODUCTION
Wireless sensor network (WSN) consists of spatially distributed autonomous sensors to monitor physical or environmental conditions, such as temperature, pressure sound, vibration, pressure, motion or pollutants and to cooperatively pass their data through the network to a main location [1] [2] . WSNs have many applications in modern life such as [3] :
Military applications: Like monitoring friendly forces, monitoring nuclear attacks, battle field surveillance, etc.
Health applications: These include: drug administration in hospitals, monitoring of human and animals physiological data, patient monitoring, and many more.
Environmental applications: Such as forest fire detection, flood detection, bio complexity mapping, etc
Commercial applications: Such to liking of car theft detection, interactive museums, and inventory control, smart metrics, and many more.
In the past years, a many researches that address the potential of collaboration among sensor nodes in data collecting and processing and in the management of sensing activity was conducted [4] [5] . However, sensor nodes are constrained in energy supply and coverage. Thus, innovative approaches that minimize energy consumption that would shorten the network lifetime and stability period are highly required. Such constraints combined with a typical deployment of a large number of sensor nodes pose many challenges to design, management and necessitate energy-awareness of WSNs at all layers of the networking protocol stack such as the network layer and medium access control (MAC) layer, they are highly desirable to find approaches of efficient energy route discovery, avoiding of collisions and sending of sensed data form the sensor nodes to base station (BS) so that network lifetime and stability period are increased.
Additionally, Due to intrinsic limited battery power of sensor nodes, routing techniques in WSNs becomes more challenging as compared to ad hoc networks [6] . The routing protocols of WSNs are mostly aimed at reducing energy consumption and maximizing network lifetime. Therefore, On the basis of energy efficient among sensor nodes, WSNs are divided into homogeneous and heterogeneous WSNs. Some routing protocols for WSNs based on clustering algorithm such as Low Energy Adaptive Cluster Hierarchy (LEACH) [7] [8] is defined for homogenous WSNs, and Stable Election Protocol (SEP) [9] is defined for heterogeneous network. Clustering algorithm based routing protocols in which sensor nodes are organized into subgroups (clusters) and also clustering algorithm is one of the algorithms to conserve the energy of sensor nodes since only some sensors node, called clusters heads (CHs), which are responsible to connect with the base station (BS). Each CH sensor node collect sensed data by all cluster members, aggregate it, and then transmit it to BS. Thus, unbalanced energy consumption among sensor nodes of network leads the poor performance, shorting of network lifetime and stability period of the WSNs.
Moreover, the selection of CHs in WSNs is one of the challenges in clustering algorithm based routing protocols. To this end, energy in these sensor nodes is scarce resource and must be managed in efficient method. In this paper, we proposed a new routing approach called satable election using three fuzzy parameters (SEFP), the purpose of this approach aims to prolong the lifetime and stability period of the heterogeneous WSNs using fuzzy logic system. In addition, residual energy, distance between node and BS (Closeness to BS) and the sum of distances between the node and the others nodes which in area network (Area distance) has been introduced to act as a fuzzy parameters during CH selection process. Furthermore, each sensor node candidate determines a chance value to become a CH based on the residual energy, the closeness to BS, and the area distance. This chance is computed through using Mamdani Fuzzy Inference System (FIS). If chance value is maximal, then the sensor node becomes a CH for current round. Simulation results show an improvement in effective lifetime network and stability period of heterogeneous WSNs. The rest of this paper is organized as fellows. In section II related work is provided, section III contains description of proposed approach (SEFP), performance evaluation is presented in the section IV, and finally, section V concludes this paper. contains of sensing and transmission of the sensed data to the cluster head (CH) and then the base station (BS). At the start the set-up phase and in every round, each sensor node picks a random number between 0 and 1 to decide whether it will become a CH or not. If the number chosen by particular sensor node is less than the threshold value T(n), the sensor node becomes a CH for the current round. We can compute T(n) as shown below in equation (1):
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Where, the value r is the round number and p = k/n; k is the expected number of CHs in the round and n is the number of sensor nodes in the network and, G is the set of sensor nodes that have not been a CH in the last mod (r, 1/p) rounds. However, the randomly elected CHs are not number optimum, and the resulting clusters are of different sizes. These disadvantages lead to unbalanced energy consumption, which leads to minimized network lifetime of WSNs.
b.
Gupta fuzzy protocol
The Gupta protocol [10] used a fuzzy logic system to select CHs. The fuzzy inference system (FIS) designer considered three fuzzy parameters: energy level, concentration, and centrality, each parameter is divided into three linguistic values, and one output which is chance, is divided into seven linguistic values, this system also uses 27 if-then rules. In this approach there are two
stages (set-up and steady-state) as in LEACH protocol. The difference between the two protocols lies in the set-up phase where the BS needs to collect energy level and location information for each sensor node, and assess them in the designed FIS to calculate the chance for each sensor node to become a CH. The BS then chooses the sensor node that has the maximum chance of becoming CH. The deficiencies of this approach include; unbalanced cluster size. Thus, leading to quick energy depletion of the CH belonging to the cluster with dense concentration of sensor nodes.
c. LEACH-FL Protocol
In [11] the Improving on LEACH protocol Using Fuzzy Logic (LEACH-FL) has been proposed.
This approach uses fuzzy logic to enhance LEACH protocol by considering three fuzzy parameters: energy level, node density, and distance between the CH and the BS. This approach is the same as the Gupta protocol [8] with a set-up stage, and steady-state stage except in the setup stage it picks three different fuzzy parameters to apply in the designed FIS to obtain their output called chance for each sensor node. Each sensor node of the WSNs computes a value of chance G(i), which is shown below in equation (2):
However, the clusters organized due to election the CHs by using fuzzy logic approach are of different sizes. Thus, leading to quick energy depletion of the CHs belonging to the cluster with the high density of sensor nodes as compared to that of the sparse ones.
d. CHEF protocol
The cluster head election mechanism using fuzzy logic (CHEF) protocol [12] uses a fuzzy logic approach to prolong the network lifetime of WSNs. It's similar to the Gupta fuzzy protocol [8] but it doesn't need the base station to collect information from all sensor nodes. The operation in CHEF protocol is divided into rounds, in every round, each node chooses a random number between 0 and 1. If the random number is less than the predefined threshold, then that node becomes a tentative CH. There are two fuzzy parameters that are used in CH selection: residual energy of each sensor node and local distance which is the sum of distances that sensor node has with other sensor nodes in radius r. Tentative CHs calculate their chances value to be an actual
CH using these FIS. If the chance value of a tentative CH is greater than the other tentative CHs' chances value in radius r, then that tentative CH becomes CH for current round. Then, it sends a CH advertisement message to the sensor nodes in its proximity. The sensor nodes that aren't selected as CH join the closest CH, too. Therefore, it is possible that CHs aren't well dispersed in the area. Consequently, some sensor nodes find themselves uncovered, and have to send their sensed data directly to the BS. However, the distance between CHs and base station does not take into account which leads to unbalanced energy consumption.
e. LEACH-ERE Protocol
Jin-Sheyan Lee et al. in [13] propose LEACH-ERE approach for homogeneous WSN. This approach based on LEACH architecture with an extension to the energy predication has been proposed for homogeneous WSNs using fuzzy logic. This method uses two parameters (sensor node residual energy, sensor node expected residual energy) for computing the chance value.
Each sensor node in the WSN computes a value of chance using the center of area (COA) method, the sensor node which holds more residual energy and more expected residual energy has higher chance value to become CH, There are 18 fuzzy if-then rules that are defined in all sensor nodes. LEACH-ERE approach presents a better result than other protocols such as LEACH and CHEF. However, the distance between CHs and base station and the distance between sensor nodes and CHs do not take into account which leads to unbalanced energy consumption. Also each sensor node chooses a specific CH even if the distance between this specific CH and BS is large. In doing so, more energy is consumed due to which the network lifetime of WSNs steps down.
f. Stable Election Protocol (SEP)
While LEACH protocol assume homogeneous WSNs, G. Smaragdakis et al. in [9] propose a Stable Election Protocol (SEP) is an improved of LEACH protocol. The main of it was used heterogeneous sensor networks. In SEP protocol, sensor nodes are divided into normal sensor nodes and advanced sensor nodes. It is based on weighted election probabilities of each node to become CH according to remaining energy in each sensor node. This prolongs the time duration from the start till the death of the first sensor node, this time (stability period), which is crucial for many applications where the feedback from sensor network must be reliable. In SEP protocol, is the initial energy of normal sensor nodes and then becomes initial energy of advance sensor nodes. Since m is the fraction of advanced sensor nodes and is the additional energy factor between advanced and normal sensor nodes, then the weighed probabilities for normal and advanced sensor nodes are determined as equations (4) and (5):
Hence, in SEP protocol, the threshold in (1) is replaced by the threshold for normal sensor nodes, and the threshold for advanced sensor nodes . Thus for normal and advanced sensor nodes are given as:
Where r is the current round, is the set of normal sensor nodes that have not become CHs within the last rounds of the epoch and is the threshold applied to normal sensor nodes. Similarly, for advanced sensor nodes, we have is the set of normal sensor nodes that have not become CHs within the last rounds of the epoch and is the threshold applied to advanced sensor nodes. However, the sensor nodes always send the sensed data to the CH in the cluster even if these lie at comparatively shorter distance from the other CH. Thus, extra energy is consumed which causes contraction in the network lifetime of WSN.
g. The concept of fuzzy logic was proposed by Professor Lotfi Zadah in [14, 15] . It is used to model human experience and human decision making behavior. This concept offered an approach for handling data through permitting partial set membership instead of crisp set membership.
Additionally, fuzzy logic concept is the mathematical representation of the formation of human concepts and of reasoning concerning human concepts [17, 18, 19] . The concept of fuzzy logic basically consists of four important steps including fuzzifier, fuzzy if-then rule, aggregation, and defuzzifier. The operations used in fuzzy logic system are as follows:

Determining the input and the output of the system. 
III. PROPOSED APPROACH
This section provides details for our proposed approach SEFP. Our goal is to prolong the lifetime and stability period of heterogeneous wireless sensor networks (WSNs) by using fuzzy logic, which provides a process for formulating the mapping from inputs to output using fuzzy logic system [16] .
a. System assumptions This paper considers basic system model in which sensor nodes are deployed randomly in area sensing. Each sensor node sends the sensed data to its cluster head (CH). The CH aggregates the sensed data and transmits the aggregated sensing data to base station (BS). This operation is general in the WSNs. Here are some assumptions for our approach:
 All sensor nodes in the network are heterogeneous (i.e. normal sensor nodes and advanced sensor nodes).

Once distributed randomly, the sensor nodes don't move.
 CH performs data collection, data aggregation, and data compression.
The distance between sensor node and CH can be measured based on the wireless radio signal power. 
c.
FIS parameters and CHs selection
Operation in SEFP approach is divided into rounds similar to SEP and LEACH protocols, each round being composed of set-up stage and a steady-state stage. The main difference between SEFP approach and SEP protocol lies in the set-up stage precisely at the phase of CH selection.
In SEFP approach, each sensor node (normal sensor nodes and advanced sensor nodes) calculates the chance value using Fuzzy Inference System (FIS) [18] . The maximum chance means that the sensor node has more chance to be CH. Our fuzzy system is divided in two FIS, one for the normal sensor nodes and other for the advanced sensor nodes. Each system consists of four important steps including fuzzifier, if-then rules, aggregation, and defuzzifier.  Area distance-the sum of distances between the particular sensor node and the others sensor nodes which are within network area. The chance values of both the normal sensor nodes and the advanced sensor nodes calculation is accomplished by using predefined fuzzy if-then rules to handle the uncertainty. Since we have three fuzzy input parameters, each divided into three linguistic variables, we have possible chance value (for normal sensor nodes and for advanced sensor nodes) shown in the if (Residual energy is high) and (Closeness to BS is close) and (Area distance is low) then (Chance is very high) this is the node has a more chance to become a CH in current round. A similar to LEACH and SEP protocols, our proposed approach makes clusters in every round, the flow chart of the SEFP approach is described as figure 3 .
values (levels) as follow: very low (V-L), low, rather low (R-L), medium low (M-L), medium, medium high (M-H), rather high (R-H), high, and very high (V-H).
The sensor nodes are randomly distributed in the area network once deployed randomly, the sensor nodes don't move. In every round, sensor nodes (normal and advanced nodes) elect themselves to be CH at any given round with a chance value. Each sensor node calculates the chance value to become the CH using fuzzy if-then rules which are cited in the Table 1 . After this phase, each sensor node (normal and advanced sensor node) selects the maximum value of chance, if the maximum value is less than the threshold T(S) (for advanced and for normal sensor nodes), then the sensor node becomes CH in the current round. According to the flow chart, CHs broadcast their status to other sensor nodes in the network using advertisement message (CH-ADV). The non-CH nodes wait the CHs advertisement message (CH-ADV). Each sensor node picks to which cluster it wants to belong by choosing the CH that requires the minimum consumption energy of communication, sends the join-request (JOIN-REQ) message to the chosen CH, and the CH node waits for join-request message from other sensor nodes. Once all the sensor nodes are constructed into the clusters, each CH creates TDMA-schedule for the sensor nodes in its cluster. This technique minimizes collisions by allocating each sensor node private time to transmit its sensed data to the CH. Once the CH receives all sensed data from the sensor nodes in its cluster, the CH node aggregates the data and then transmits the compressed data to BS.
e.
Network communication model
We use in our proposed approach a similar radio model as presented in [5, 6, 7] to calculate the energy consumption of the LEACH protocol. In this radio model, is the energy dissipated per bit to run the transmitter or the receiver circuit, depending on the transmission distances both the free space and the multi-path fading are used for the transmitter amplifier [7] [8] [9] [10] [11] [12] [13] and d is the distance between the sender and the receiver, the energy dissipate by the radio is given by:
Where the threshold is defined as . Then, to receive the message of l-bit, the radio expends . Additionally, the sensor node consumed the energy for data aggregation. In this section, we evaluate the performance of our protocol using MATLAB. We have simulated SEFP, LEACH and SEP protocols in the heterogeneous WSN, with n=100 nodes randomly distributed in a 100x100m field, the initial energy of normal sensor node is and then the initial energy of advanced sensor node is . The possibility for both the normal and advanced nodes of becoming CH is p=0.05. The BS is stationed in the center of the sensing field.
The parameters setting used are shown in the Table 2 . In order to estimate the performance of the proposed approach and to study its behavior against LEACH and SEP protocols, figure 4 and figure 5 illustrate the performance of SEFP approach compared to LEACH and SEP protocols of both 10% and 20% of sensor node heterogeneity, respectively. The figures depict the number of node versus protocol rounds. It is observed that our proposed SEFP approach outperforms LEACH and SEP. In figure 4 (10% of sensor node heterogeneity), SEFP is more efficient than LEACH and SEP about 45.34% and 54.14%, respectively. Also figure 5 (20% of sensor node heterogeneity), shows that SEFP is more efficient than LEACH and SEP about 43.21% and 53.27% respectively. The SEFP does consider the residual energy of each sensor node, the closeness to BS and the area distance of each sensor node on electing the CH, so that the all sensor nodes consume the energy evenly. Additionally, it outperforms LEACH and SEP protocols in increasing the stability period. Therefore, to give a detailed insight into the performance of these protocols, the 1  917  1012  1366  10  1007  1104  1521  20  1046  1139  1659  30  1072  1173  1776  40  1088  1208  1871  50  1121  1223  1983  60  1158  1243  2097  70  1191  1290  2272  80  1255  1396  2456  90  2289  1704  3030  100 2587 2129 4556 Figure 6 and figure 7 describe the positive effect of SEFP approach for more efficient energy in the heterogeneous WSN at selected round interval. With use of the residual energy of each sensor node, the closeness to BS and the area distance of each sensor node on electing the cluster head, the energy consumption of network is decreased. This is due to gain of the energy dissipated by CHs to BS. From the graphs of 10% heterogeneous WSN ( figure 6 ) and 20% heterogeneous WSN (figure 7), it is clear that SEFP approach can achieve more reduce the efficiency energy than LEACH and SEP protocols.
Finally, figure 8 shows the length stable region of SEFP, LEACH and SEP protocols for different values of percentage of energy heterogeneity, it is evident that if we increase the number of advanced sensor nodes with a=1, the stability period of SEFP approach is prolonged compared to LEACH and SEP protocols. protocols are proposed such as LEACH and SEP. these protocols depend on the energy efficiency isn't enhanced. However, in these classical protocols cluster heads (CHs) are selected randomly.
In this paper, SEFP approach based on SEP algorithm using fuzzy logic has been proposed for heterogeneous WSNs. The main purpose of our approach is to prolong the network lifetime and also maximize the stability period using characteristic parameters of heterogeneity in networks and election fuzzy logic to assess the chance value of sensor nodes to become CH. Additionally, SEFP approach selects the CHs considering residual energy of each sensor node, closeness to base station (BS) and area distance. Form the simulation results, we conclude that SEFP approach is more efficient energy and is more powerful in prolonging the network lifetime and particularly the stability period compared to LEACH and SEP protocols in heterogeneous environments.
These network lifetime and stability period extension leads us to investigate it in monitoring forest fire detection and flood detection and also can use it in monitoring of human physiological.
